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Abstract

Deuterium thermal desorption spectra were investigated on the samples of austenitic stainless steel 18Cr10NiTi
preimplanted at 100 K with deuterium ions in the dose range from 3 × 1015 to 5 × 1018 D/cm2. The kinetics of
structural transformation development in the implantation steel layer was traced from deuterium thermodesorption
spectra as a function of implanted deuterium concentration. At saturation of austenitic stainless steel 18Cr10NiTi with
deuterium by means of ion implantation, structural-phase changes take place, depending on the dose of implanted
deuterium. The maximum attainable concentration of deuterium in steel is C = 1 (at.D/at.met. = 1/1). The increase in the
implanted dose of deuterium is accompanied by the increase in the retained deuterium content, and as soon as the
deuterium concentration attains C ≈ 0.5 the process of shear martensitic structural transformation in steel takes place.
It includes the formation of bands, body-centered cubic (bcc) crystal structure, and the ferromagnetic phase. Upon
reaching the deuterium concentration C > 0.5, the presence of these molecules causes shear martensitic structural
transformations in the steel, which include the formation of characteristic bands, bcc crystal structure, and the
ferromagnetic phase. At C≥ 0.5, two hydride phases are formed in the steel, the decay temperatures of which are 240
and 275 K. The hydride phases are formed in the bcc structure resulting from the martensitic structural transformation
in steel.
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Background
The investigation into regularities of hydrogen interaction
with metals and alloys over a wide range of temperatures
and pressures still remains a currently central problem in
material physics from both the scientific and practical
standpoints [1-9]. The hydrogen accumulation in structural
and functional materials is an extremely hazardous
phenomenon, which leads to hydrogen degradation of
materials and to possible unforeseen equipment failures
[10-14]. Degradation of materials increases due to hydrogen
interaction with the whole range of crystal structure
imperfections of solids such as interstitial and substitutional
impurities, vacancies and their complexes, dislocations and
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their pileups, subgrain and grain boundaries, and phase
components [11,15,16].
Vehoff [17] reviewed the interaction of hydrogen with

defects in metals. He states that hydrogen concentrations
far in excess of the lattice concentration cannot be
produced by elastic interactions alone: the amount of
hydrogen in a so-called Cottrell atmosphere around a
dislocation is small. In contrast, chemical interaction or
trapping at preferred lattice sites such as grain boundaries,
particle-matrix interfaces, or dislocation cores can lead to
a rise in local hydrogen concentration that can span many
orders of magnitude. The respective concentration rise is
highly dependent on the local chemical and/or structural
arrangement [18-23].
Temperature, mechanical, radiation, and implantation

effects give rise to additional permanent structural changes
in metals, alloys, and steels. These are induced phase trans-
formations, an increase in the density of dislocations and
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vacancies, pair production. All these factors enhance the
hydrogen accumulation and lead to the loss of plasticity,
and later on, to the failure [11,12,24-29].
Hydrogenation of the face-centered cubic (fcc) iron-based

alloys, which constitute an array of austenitic stainless
steels, can cause phase transformations: fcc (γ)→ bcc (α*)
and fcc (γ)→ hcp (ε) [12,30-35]. The hydrogen-induced
phases are sometimes considered as pseudohydrides. It is
generally assumed that the role of hydrogen consists in
creation of a particular stress state that triggers the phase
transformation. In contrast, Vakhney and co-workers [36]
showed that the phase transformation fcc (γ)→ hcp (ε)
was also due to a change in the electronic structure of the
alloy after hydrogenation. At the same time, several
studies have shown that martensite formation is respon-
sible for hydrogen-enhanced crack growth, which results
in quasi-cleavage fracture of specimens tested in hydrogen
[37,38]. Gey and co-workers [39] found that the amount
of strain-induced ε- and α*- martensite in AISI 304 steel
(Pittsburgh, PA, USA) was strongly dependent on the local
mutual orientations of neighboring grains, i.e., texture of
the γ steel.
Stainless steel is one of the most useful classes of

engineering materials. For example, austenitic steel is
used for manufacturing vessel internals of fission-type
reactors. A wide use of austenitic stainless steels as
structural fission reactor elements calls for a detailed
knowledge of their behavior under conditions of radiation
influence, accumulation of gas impurities (hydrogen
isotopes, above all) [12-14,19,26-29,40,41].
Note that the hydrogen effect on the martensitic phase

transformations in austenitic stainless steels was observed
only as a result of hydrogenation by the electrochemical
method or from the gaseous phase. Furthermore, the
hydrogen saturation of steel was performed both during
and after different structure changing effects such as
torsion, plastic deformation, dilatometry, and extrusion.
As to our knowledge, there are no literature com-

munications about the observation of martensitic phase
transformations in austenitic stainless steels resulting
from implantation of hydrogen isotope ions, and about
ultimate concentrations of hydrogen isotope retention
in steels. Apparently, this is due to steel irradiation
conditions, which impede the accumulation of high
concentrations of hydrogen isotopes in austenitic stain-
less steels (irradiation temperature, ambient pressure
of hydrogen, etc.).
One of the most informative methods of investigating

hydrogen behavior in metals is the thermal desorption
Table 1 Chemical composition of austenitic stainless steel 18C

С Cr Ni T

18Cr10NiTi Approximately 0.1 17.1 to 18.5 9.6 to 10.2 0
spectrometry (TDS). The TDS technique enables one to
determine temperature ranges of implanted hydrogen
retention and release, to find thermoactivation parameters,
and to establish quantitative characteristics of hydrogen
emission-re-emission. It also shows fair correlation between
the thermoactivated hydrogen release spectra and the
metal-hydrogen phase diagrams [42-44].
The present paper reports the results from studies on

implanted deuterium-induced structural transformations
in austenitic stainless steel 18Cr10NiTi as functions of
implanted deuterium doses at a temperature of 100 K.
This temperature provides a low diffusion mobility of
deuterium, and hence, a high deuterium concentration
in the implantation layer. The structural transformation
kinetics has been traced from the deuterium thermode-
sorption spectra versus implanted deuterium concentra-
tions. The important methodical advantage of the present
study lies in the fact that the implantation of the assigned
dose of deuterium and the measurements of temperature
ranges of its desorption were performed in one and the
same setup (in situ).
Methods
The TDS technique has been used to investigate the
kinetics of spectrum development for deuterium desorp-
tion from austenitic stainless steel 18Cr10NiTi versus the
implanted deuterium dose. In our experiments, to reduce
the impact of background hydrogen being present in the
samples and in the target chamber, we have used the
hydrogen isotope deuterium. The sample irradiation and
the thermodesorption spectral measurements were carried
out using the experimental facility ‘SKIF’ described in
detail in ref. [45].
The samples were pre-implanted with 12 keV deuterium

ions (Dþ
2 , 24 keV) of current density 5 μA/cm2 in the

dose range from 3 × 1015 to 5 × 1018 D/cm2 at the sample
temperature Tirr. = 100 K. The low temperature was
chosen to restrict the diffusion mobility of deuterium in
the samples and to investigate its behavior in a wide range
of concentrations produced in the implantation layer.
The samples were homogenized at 1,350 K for 30 min

in a vacuum of 5 × 10−5 Pa. The austenitic stainless steel
18Cr10NiTi samples (Table 1), measuring 10 × 5 ×
0.3 mm3, were fastened to the same-steel heaters, measur-
ing 40 × 5 × 0.3 mm3. The radiation area was S = 0.3 cm2.
Prior to irradiation, the samples underwent short-time
annealing (1 min.) at 1,300 K in order to degas them and
to remove impurities from their surface. After irradiation,
r10NiTi (weight percent)

i Mn Si P S Fe

.45 to 0.56 1.0 to 1.2 0.4 to 0.43 0.03 0.01 Rest
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the samples implanted to the pre-assigned dose were
heated in the same measurement chamber at a rate of
3.5 K/s to a temperature of 1,700 K, with simultaneous
registration of the Dþ

2 ion desorption spectrum (4 amu).
The heating of samples started immediately after the ion
beam was switched off. The temperature was measured by
the tungsten-rhenium thermocouple WRe 5/20 fixed
to the sample. The total amount of deuterium released
from the sample was determined from the area lying
under the gas release curve.
The sample structure was examined by means of

transmission electron microscopy at a voltage of 100 kV.
The steel samples were thinned down to a thickness of
50 to 60 μm through chemical etch polishing, following
which deuterium ions were implanted to the given dose.
Thereafter, disks, 3 mm in diameter, were cut out from
the obtained foil (the diameter was specified by the sam-
ple holder for the microscope), and a final thinning was
done in the same solution.
The X-ray diffraction analysis of the samples was

performed with the diffractometer HZG-4 (Seifert, Berlin,
Germany) in the CuKα-radiation (β-filter).
The magnetic characteristics of 18Cr10NiTi steel and

iron were measured with a bar-and-yoke permeameter.
In this case, the sample in the form of a plate was placed
in the axial (perpendicular to its plane) field.
Figure 1 Deuterium thermodesorption spectra from
18Cr10NiTi steel samples implanted with different doses of
deuterium ions.
Results and discussion
Kinetics of deuterium thermal desorption spectrum
development in relation to the implanted deuterium dose
The most characteristic deuterium thermodesorption
spectra for different implanted deuterium doses are shown
in Figure 1. It can be seen that at low implantation doses
(see Figure 1), the thermodesorption spectrum of ion-
implanted deuterium represents a single peak with the
maximum at Tm = 405 K, which we call the peak a. The
presence of a single peak in the deuterium thermodesorp-
tion spectrum at low D concentrations suggests the con-
clusion that it characterizes the formation of the phase
state of deuterium solid solution in the steel (see Figure 2).
The appearance of the second peak in the thermode-
sorption spectrum points to the completion of the phase
state formation of deuterium solid solution in steel. The
deuterium concentration present in the implantation layer
corresponds to ~2 at.% D for a dose of 1.8 × 1016 D/cm2.
At low deuterium concentrations, the second, higher-

temperature peak (peak b, maximum temperature
Tm = 500 K) is practically coincident with the low-
temperature peak. An increase in the implanted deuterium
dose is accompanied by enhancement in the peak intensity,
and by the appearance of a moderate-intensity deuterium
desorption region (extended in the temperature scale)
at temperatures between 500 and 800 K (peak c). The



Figure 2 Deuterium thermodesorption spectra from 18Cr10NiTi
steel samples implanted to doses: 3 × 1015 D/cm2; 1.1 × 1016 D/
cm2; 1.8 × 1016 D/cm2.
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presence of this region indicates that apart from the frac-
tions with discrete values of thermodesorption activation
energy, there is a gas flow, the activation energy of
which smoothly varies in wide temperature ranges.
We identify this temperature scale-extended region of
deuterium desorption as an amorphous phase state of the
solid, the presence of which is necessary for structural
transformations.
The excess of the implanted deuterium dose 1.8 × 1017

D/cm2 is accompanied by a gradual decrease in the
b peak maximum temperature, which becomes equal
to 430 K at a dose of 6.4 × 1017 D/cm2. At the same
time, as the implantation dose increases, an essential
change takes place in the geometric shape of this
thermodesorption spectral peak. It takes on a characteris-
tic form with a sharp, nearly vertical, front, and a slowly
falling-off high-temperature part.
The observed decrease in the temperature of the peak

b maximum can be mainly due to both the stress
buildup owing to a growing concentration of implanted
deuterium, and the presence of the amorphous component
in the steel structure (peak c). This temperature region
appears practically simultaneously with the second
peak in the deuterium thermodesorption spectrum; it has
the maximum intensity (amount of desorbed deuterium in
the peak c) at the dose 6.4 × 1017 D/cm2 and shows a
decrease in the intensity with a further increase in
the implanted deuterium dose.
At doses higher than 6.5 × 1017 D/cm2, the deuterium
thermodesorption spectrum qualitatively changes, this
being manifested in the appearance of a low-temperature
region of deuterium desorption, which testifies to the
emergence of a new phase state; that may be considered
as a hydride formation. The conclusion about hydride
formation was made on the basis of our data obtained
when studying the deuterium thermodesorption spectra
from Pd [42] and Ti [43]. It was indicated there that in the
deuterium thermodesorption spectrum, the hydride
formation showed itself as the occurrence of lower-
temperature peaks.
From the given TDS spectra, it can be seen that at

the irradiation dose 7 × 1017 D/cm2, apart from the
previously observed peaks b and c, there is only one,
strongly blurred peak centered at 275 K, which is due
to the hydride formation (peak d). With an increasing
dose, this peak grows in its amplitude, and the
spectrum exhibits one more peak with the maximum
at 240 K (peak e). At 1.5 × 1018 D/cm2, the amplitudes of
these low-temperature peaks become practically equal
(see Figure 1). A further increase in the implanted
deuterium dose leads to a rapid increase in the intensity of
the lowest-temperature peak of the deuterium thermode-
sorption spectrum, with the result that the peak becomes
prevailing. In this case, the intensities of the peaks b and d
decrease. The presence of clearly defined peaks d and e in
the deuterium thermodesorption spectra suggests an
important conclusion that in the steel-deuterium system,
there are two hydride phases degrading at temperatures of
240 and 275 K. It is also obvious from Figure 1 that the
lowest-temperature hydride phase (peak e) is formed due to
both the newly implanted deuterium and the earlier formed
higher-temperature phases (peaks d, b, and c).
Note that the formation of low-temperature regions of

deuterium desorption is accompanied by the appearance
of the deuterium desorption region, extended in the
temperature scale in the range between 270 and 430 K.
This provides additional supporting evidence that the
amorphous phase state of the solid is necessary for the
realization of structural changes.

Amount of deuterium in different phase states of the
deuterium-steel system
Using the deuterium thermodesorption spectra from the
18Cr10NiTi steel samples exposed to different doses, we
have plotted the total amount of deuterium C(F) desorbed
from the sample as a function of the radiation dose F. This
function is presented in Figure 3. The figure also shows
the dose dependences of the amount of deuterium
desorbed from three most intense peaks observed in
the TDS spectra.
The linear dependence of the amount of implanted

deuterium on the irradiation dose value persists until



Figure 3 Deuterium content in each individual peak of the spectrum and the integral quantity of desorbed deuterium as functions of
radiation dose for austenitic steel.
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the dose F = 1.3 × 1018 D/cm2 is reached. Then we observe
an abrupt departure from the linearity and the tendency
for attaining saturation at a dose of 1.5 × 1018 D/cm2,
though the true saturation is not attained. In this case, the
excessive deuterium is mostly desorbed from steel, and
only a small part of deuterium reaches the steel deuteride-
steel interface, thereby providing the deuteride penetration
deep into the sample, and also, the increase in the amount
of trapped deuterium.
The concentrations of implanted deuterium were esti-

mated with due regard for both the amount of metal
atoms in the implanted layer and the amount of implanted
deuterium. In this case, it was assumed that implanted
deuterium had low diffusion mobility in the steel cooled
down to 100 K, and practically all deuterium was in the
implantation layer. The estimation has shown that satur-
ation of 18Cr10NiTi steel with deuterium is attained at
deuterium concentration C (at.D/at.met.) ≈ 1.0. When
plotting the C(F) curve, it was taken into account that the
steel surface reflection coefficient for the D+ ions of
energy 12 keV per deuteron was about 10% [46].
At the initial stage of implantation dose increase, we

observe the formation of the phase state of deuterium
solid solution in steel (peak a with the maximum
temperature 405 K at C = 0.02 at.D/at.met. = 2 at.%
deuterium), and also, the emergence of two regions of
deuterium desorption in the temperature range between
430 and 800 K (see Figure 1, peaks b and c), the total
concentration of which reaches C = 0.5 at.D/at.met.
The excess of deuterium concentration in steel C ≥ 0.5

at.D/at.met. gives rise to the low-temperature region of
deuterium desorption. First, the hydride phase is formed,
which degrades at 275 K (peak d in Figure 1), and then,
with some delay in the dose, the second hydride phase is
formed, with the degradation temperature of 240 K
(peak e). The increase in the amount of deuterium in the
hydride phase that degrades at 275 K (peak d in Figure 1)
continues until the concentration C = 0.5 at.D/at.met. is
attained. At that, the intensity of the earlier formed
higher-temperature phases (peaks b and c) decreases.
The formation of the lowest-temperature hydride

phase that decays at 240 K (peak e) occurs due to both the
newly implanted deuterium and the earlier produced
higher-temperature phases (peaks d, b, and c). The highest
deuterium concentration in the low-temperature phase
of steel is attained at C = 0.9, this approaching the
stoichiometry at.D/at.met. = 1/1.

On the nature of deuterium retention in the
18Cr10NiTi steel
From the analysis of the development kinetics of the
deuterium thermodesorption spectrum versus the dose of
implanted deuterium, it follows that after formation of the
phase state of deuterium solid solution in the 18Cr10NiTi
steel, a higher-temperature phase state is formed, which is
not typical of hydride-forming metals. Note that the
hydride-forming metals are characterized by the formation
of hydrides having a lower decay temperature of the phase
state of deuterium solid solution in the metal [42,43].
This manifests itself in the thermodesorption spectra
of deuterium by the emergence of lower-temperature
peaks. This result points to different nature of deuterium
retention in the austenitic stainless steel 18Cr10NiTi and
in the hydride-forming metals. The data suggest an
important conclusion that the austenitic steel, having
the fcc structure, forms no hydrides.
It is then quite logical to assume that the phase state

with the maximum temperature 500 K (peak b, Figure 1)
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represents the kinetics of austenitic stainless steel lattice
occupation without formation of a chemical compound
(hydride). From the data on the amount of deuterium
desorbed (see Figure 2) from the steel in this phase state,
one can obtain the deuterium concentration value,
which corresponds to C = 0.5 at.D/at.met. = 1/2.
Based on these data, the following scheme of deuterium

atoms arrangement in the fcc lattice of steel can be offered:
two deuterium atoms are arranged diagonally in two out of
eight tetrahedral sites, producing a strong distortion along
the (111) axis of the fcc lattice (see Figure 4). With occupa-
tion of practically all elementary cells of the implantation
steel layer with deuterium, and with attainment of the
concentration C ≥ 0.5 at.D/at.met. = 1/2, a shear martensitic
structural transformation and the relaxation of implanted
deuterium-induced stressed state take place.
The electron microscope studies of the samples

(see Figure 5) have confirmed the realization of the
process of shear martensitic structural transformation on
attainment of the concentration C ≥ 0.5 at.D/at.met.
The electron-microscopical images of the initial

samples exhibit the peculiar to the austenitic stainless
steel large-size crystallites, and the randomly distributed
inclusions scattered all over the sample (Figure 5a). As it
is obvious from Figure 5b, in the surface layer of the steel
irradiated with deuterium ions, there are austenites,
the needles of α-martensite and ε-interlayer, the presence
of which testifies to the actual shear polymorphous
transformations realized through the intermediate ε-hcp
phase: γ→ ε→ α.
X-ray diffraction studies of similar samples (see Figure 6)

also provide evidence for the realization of the process of
Figure 4 Crystalline structure of austenitic stainless steel with
deuterium at C = 0.5 at.D/at.met.
the shear martensitic structural transformation on attain-
ment of the deuterium concentration C ≥ 0.5 at.D/at.met.,
namely, the appearance of the body-centered cubic (bcc)
structure has been found against the background of intense
lines of the fcc structure of the 18Cr10NiTi steel. A low bcc
phase intensity is due to the fact that the approximately
150 nm thick implantation layer, where phase changes have
taken place, is substantially smaller in thickness than the
sample under study.
An additional verification of the realization of the

process of shear martensitic structural transformation
on attainment of the deuterium concentration C ≥ 0.5 at.
D/at.met. is provided by measurements of the magnetic
characteristics of steel. For comparative tests, samples
from the 18Cr10NiTi steel and Armco iron (AK Steel
International, Stevenage, Great Britain) were prepared as
plates nearly of the same size, the difference being no
more than 1%. The measurements were carried out using
the bar-and-yoke permeameter. In this case, the sample
was arranged in the axial (perpendicular to its plane) field.
Figure 7 depicts the magnetization curves (M(H)) of the
samples under study. The initial 18Cr10NiTi steel samples,
which underwent austenitizing annealing, show up no
hysteresis dependence typical of ferromagnetic materials.
The examination of steel samples implanted with deuter-
ium ions to a dose of 1 × 1018 D/cm2 at a temperature
100 K has revealed the appearance of the hysteresis de-
pendence typical of a ferromagnetic (see Figure 7, curve a).
To estimate the ferromagnetic phase concentration
resulting from deuterium implantation, the experiment
was made to investigate the Armco iron magnetization
(see Figure 7, curve b). The comparative analysis has led
to the conclusion that the ferromagnetic phase formed in
the 18Cr10NiTi steel during deuterium implantation is no
more than 2% to 3% of the sample volume (with due
regard for the experimental error). The low intensity of
the registered ferromagnetic phase is due to the fact
that the implantation layer, where structural-phase
transformations of the fcc structure (with no ferromag-
netic phase) into the bcc structure (having hysteresis
dependence typical of ferromagnetics) took place, has
the thickness considerably smaller than that of the
sample under study.
Nonetheless, the estimates have shown that the ferro-

magnetic phase formed in the 18Cr10NiTi steel during
deuterium implantation exceeds the implantation layer
thickness by nearly an order of magnitude. Hence, the
process of the shear martensitic structural transformation
on attainment of the deuterium concentration C ≥ 0.5 at.
D/at.met. is realized to the depth exceeding the implant-
ation layer thickness.
Notice that the bcc structure formation in the

18Cr10NiTi steel occurs simultaneously with the appear-
ance of low-temperature peaks. These data permit us to



Figure 5 Structure of 18Cr10NiTi steel: (a) initial and (b) after deuterium ion irradiation to a dose of 8.2 × 1017 D/cm2. ×90,000
magnification. The inset in (b) shows the electron diffraction pattern.

Figure 6 Diffractograms of 18Cr10NiTi steel: (а) initial and (b) irradiated with deuterium ions to 8.2 × 1017 D/cm2.
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Figure 7 Magnetization curves of the samples, М(Н): (а) 18Cr10NiTi steel implanted with deuterium ions to 1 × 1018 D/cm2 at 100 K;
(b) Armco iron sample.
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conclude that the hydrides in the austenitic stainless steel
are produced only after the bcc structure inclusions are
formed in the steel, and, as a consequence, it follows that
the structure of the steel hydride sublattice represents the
bcc structure.
Based on the belief that deuterium atoms in the bcc

crystal lattice of steel are in the charged state, are in
octahedral sites, and at regular intervals, one can elaborate
the arrangement of deuterium atoms in the hydride
phase of steel with the deuterium concentration C = 1/2
at.D/at.met. = 0.5 (see Figure 8a, peak d in Figure 1). A
further increase in the implanted deuterium concentration
is accompanied by the formation of the lower-temperature
hydride phase in the same crystal lattice, where the
hydride structure with deuterium concentration C = 0.5
Figure 8 Crystalline structure of austenitic stainless steel with deuter
С = 1 at.D/at.met.
has already formed. This phase is formed due to both the
newly implanted deuterium, and the earlier formed
higher-temperature hydride phase (peak d). In this case,
the local concentration of deuterium in the steel-lattice
crystal structure reaches C = 1 at.D/at.met. (see Figure 8b,
peak e in Figure 1). The decay of this lowest-temperature
hydride phase in the deuterium thermodesorption
spectrum is registered as a single peak. Note that in the
Pd-D system, two stable hydride sublattices in palladium
are also formed [42].
The important conclusion that follows from the

present experimental data is that the appearance of a
low-temperature region of deuterium desorption from steel
is connected with the α-phase formation, i.e., the forma-
tion of the bcc structure typical of the low-temperature
ium concentrations (а) С = 0.5 at.D/at.met. and (b)
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phase of iron, being the principal chemical component
of the austenitic stainless steel.
The second important conclusion is that the hydride

phase formation occurs not until the bcc structure
has developed. Then, it follows that, firstly, in the fcc
structure of the 18Cr10NiTi steel hydrides are not formed,
and secondly, the metal sublattice of the hydride phases of
18Cr10NiTi steel has the bcc structure.
Notice that the formation of bcc structure inclusions in

the austenitic stainless steel has been observed using the
TEM technique, the X-ray diffraction method; the mea-
surements of magnetic properties (see Figures 4, 5, and 6).
These data provide an additional support for the fact
that the peaks in the deuterium thermodesorption
spectra are related with the phase transformations in
metals.
The results of the studies have demonstrated that the

amount of the retained deuterium is dependent on the
structural-phase state of the steel.
At saturation of austenitic stainless steel 18Cr10NiTi

with deuterium through ion implantation at a temperature
of 100 K, there occur structural-phase changes, dependent
on the implanted deuterium dose. At low implantation
doses, the phase state of deuterium solid solution in the
steel is formed, the deuterium concentration being 2 to
4 at.%. With an increase in the implanted deuterium dose,
the concentration of the retained deuterium increases.
The ultimate concentration of deuterium retention in
the fcc crystal lattice of austenitic steel attains C = 0.5
at.D/met. Deuterium occupies interstitial fcc lattice
sites of the austenitic steel.
A further increase in the implantation dose leads to

the martensitic structural transformation in the steel
with the result that the fcc crystal lattice of the steel
changes into bcc lattice (this has been registered by
the methods of TEM, X-ray diffraction, and by mea-
surements of magnetic properties). The deuterium
concentration increase in the bcc lattice of steel con-
tinues with an increase in the implantation dose up
to C = 1 at.D/met. In this case, deuterium is found in
the octahedral interstitial bcc lattice sites of the steel,
occupying half of the available ones.
The TDS technique was used to determine the deuterium

concentration in the phase states, and also to trace
the process of structural transformations in the steel
(see Figures 2 and 3).

Conclusions
At saturation of the austenitic stainless steel with deuterium
through ion implantation at a temperature of 100 K,
structural-phase changes take place, depending on the
implanted deuterium dose.
The highest attainable concentration of deuterium in

steel has been determined to be C = 1 at.D/at.met.
The increase in the implanted dose of deuterium is
accompanied by the increase in the retained deuterium
content, and as soon as the deuterium concentration attains
C ≈ 0.5, the process of shear martensitic structural trans-
formation in steel takes place. It includes the formation of
bands, bcc crystal structure, and the ferromagnetic phase.
At C ≥ 0.5, two hydride phases are formed in the steel,

the decay temperatures of which are 240 and 275 K. The
hydride phases develop in the steel bcc structure, which
results from the martensitic structural transformation.
The present data have confirmed that the peaks

observed in the deuterium thermodesorption spectra
are related to the phase transformations in metals. The
kinetics of structural transformations development in the
implantation layer of steel has been traced from the
spectra of deuterium thermal desorption as a function
of implanted deuterium concentration.
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